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Abstract 
The reverse logistics (RL) seeks to facilitate the return of consumer goods, or its constituent materials, in the production 
cycle. The main motivators of RL are economic factors, customer service, legal, corporate citizenship and corporate image. 
The evaluation of RL practices involves therefore multiple interrelated aspects: environmental legislation, technology, costs, 
external relations etc. This article aims to present an assessment of the priorities of the indicators of reverse logistics in a 
small footwear industry in the Brazilian State of Ceara. The model of RL evaluation applies the Analytic Network Process, 
because it allows assessing dependency relationships or existing influence. 
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1. Introduction 
In the last four decades, from the verification of limits to economic development, environmental issues have 
gained prominence and, terms such as recycling, reuse, reduction of resource consumption, environmental 
responsibility and the manufacture of green products, entered the agenda of discussions [1]. At the same time, 
the need for competitiveness in the market requires companies with greater variety of products, with frequent 
innovations and with a smaller life cycle (by the inclusion of new materials, to planned obsolescence etc.), by 
increasing the amount of discarded materials [2]. 
The legislation has required greater efforts for recovery or final disposal appropriate discarded materials or 
waste.  On the other hand, the pursuit of value recovery of these materials, as well as strategic issues, and 
marketing imposed by competition, require companies to improve their return policies [1]. 
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In this sense, the reverse logistics (RL) can contribute, strategically and operationally, with the recapture of 
economic value, adding value to provide services, to obey the laws, mitigate risks or enhance corporate image 
[3]. Facing challenges related to globalization and sustainability, the RL becomes an important area of interest, 
being the reasons, which lead a firm to implement a system of RL: legal (forced), economic, or commercial [4].  
The RL as a functional area needs to be planned, evaluated, and controlled. However, despite the importance 
of reverse flows for business performance, management of RL is a limited aspect in most companies, for 
reasons, which may include the lack of computerized management systems available, the difficulty in 
measuring the impact of returns of products and/or materials, as well as the non-recognition by companies of 
the need to control hem properly. One should consider that the evaluation of performance indicators of multiple 
interrelated factors involves RL: environmental legislation, technologies, cost, external relations etc. [5]. 
This article presents an assessment of the performance indicators of reverse logistics in a small shoe industry 
in the Region of Cariri, State of Ceara, Brazil Northeast. Therefore, is used a RL management model, which 
aims at the sustainable business performance, analyzing economic, social and environmental aspects [5-6].  
In this model, a method of multi-criteria decision-making (MCDM) is applied: the Analytic Network 
Process (ANP). ANP was chosen because it allows to evaluate dependency relationships or existing 
influence. In this way, we intend to identify the order of priority between performance indicators, related to the 
characteristics of the industry referred. 
The shoe industry is part of the so-called traditional industries, therefore uses labor-intensive, and may 
submit handmade traits in their production, with interactions in the supply chain strongly related to the type of 
material used: injected, textile, leather and synthetic [7]. The footwear sector, stands out with great importance 
in the Brazilian economy, being composed by large companies and, mostly, by grouping of small and medium 
enterprises in industrial clusters [7-8]. In the Region of Cariri, there are over 200 installed plants, characterized 
by the production, mainly of synthetic material items [9]. 
The article is organized as follows: section 2 discusses the concepts related to RL; section 3 deals with the 
fundamental concepts related to ANP; section 4 presents the method been used; section 5 shows results and 
their discussion, and, section 6 presents the conclusions of the work. 
2. Reverse Logistics - RL 
The RL has the objective to facilitate the return of consumer goods or their constituent materials to 
production or business cycle, adding economic value, ecological, legal service and location. Throughout the 
Decade of 1980, the RL was defined as the movement of material against the main stream from the client to the 
producer [10], receiving subsequently a more complex definition. 
Some definitions of LR have greater prominence in the literature: the area of logistics that deals with the 
return of products, source reduction, recycling, reuse of materials, replacement or repair, remanufacturing and 
refurbishing of returned goods and proper disposal of waste [11]. Or, the process of planning, implementing 
and controlling the efficient and cost-effective flow of raw materials, work in process, finished products, and 
related information, from the consumer endpoint to the point of origin, with the aim of recapturing value or 
giving a proper disposal [12]. 
At the same time, there are studies that discuss the reverse channels linking the recyclable products from 
post-consumer [13], or, giving greater emphasis to the back flow of after-sales goods (returned due to the end 
of validity, excessive stocks, quality problems etc.) [14]. 
Brazilian law has since 2010, with National Solid Waste Policy, assigned responsibility to the state, 
institutions and population. It defines RL as an Instrument of economic and social development characterized 
by a set of actions, procedures and means of facilitating the collection and refund of solid waste to the business 
sector, to reuse in your cycle or other productive cycle, or environmentally appropriate final disposal [15]. 
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The main reasons of return, which set out the fundamental difference to the final destination of the products, 
related to primary and secondary markets, repair, remanufacturing, dismantling, recycling, landfill and 
incineration [12]. 
One aspect discussed in the literature concerns the drivers of the RL, which may be environmental, 
technological and legal [16], economic and social responsibility [11], corporate citizenship, and economic 
motivation. [1-12]. 
The drivers related to LR can be grouped in economic, legal, customer service, corporate citizenship and 
corporate image [17]. 
In view of the gaps identified in the literature about studies required for the theme (factors related to 
organization and efficiency, impact on competitiveness and business performance, tools to help in decision 
making and to evaluate the efficiency of programs, and inclusion of sustainability indicators), has been 
proposed a model of reverse logistics management integrated with strategic issues (explained in section 4.2), 
considered of systemic character and offering potential as a guide to performance evaluation [6]. 
3. Analytic Network Process - ANP 
The multi-criteria decision-making (MCDM) deals with the methods and procedures aimed at decision-
making in the presence of conflicting criteria [18], assisting in the analysis of actions or alternatives, where 
multiple, both tangible and intangible, criteria can be considered [19]. 
 MCDM can be classified as multi-objective methods (Multi-Objective Decision Making - MODM) and 
multi-attribute methods (Multi-Attribute Decision Making - MADM), with the difference the fact that the latter 
have a discreet decision space [20]. In this article, the term MCDM is used to treat the MADM or MAD 
methods, including AHP, ANP, ELECTRE, MACBETH, MAUT, and PROMETEE [21]. 
The ANP, whose foundations have been developed and publicized by Thomas Saaty in 1980, is based on the 
Analytic Hierarchy Process - AHP [22]. The ANP is a generalization of AHP with the possibility of analyzing 
the dependencies between the criteria and the influences among the alternatives [5]. AHP becomes a special 
case of ANP, when there are no such dependencies and or influences [23]. 
The AHP is structured according to a linear hierarchy, as shown in Fig. 1 (a) (which shows a hierarchical 
structure top-down with four levels). 
On the other hand, in the ANP not only the importance of the criteria influence the importance of alternative, 
but also the importance of alternative could influence the importance of the criteria. In order to consider these 
issues, ANP is used in a network structure with feedback loops (Feedback Network) as shown in Fig. 1(b). 
 
 
(a) Linear Hierarchy (AHP) 
 
(b) Network with feedback, inner and outer dependeces (ANP) 
Fig. 1. (a) Linear Hierarchy (AHP); (b) Network with feedback (ANP) [25] 
    Two AHP features should be highlighted. First with respect to the hierarchy, from top to bottom, as the 
elements of one level are compared on the basis of the top-level elements. The second is the consideration of 
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independence between elements at the same level, assuming that the elements of a group do not influence each 
other [24]. 
It is observed in Fig. 1 (b) the external dependence (outer dependences) relations  between elements C2-C4, 
C4-C3, C1-C4 and C1-C2, internal dependency between elements of the cluster C1 and cluster C3, and 
feedback between the cluster C2 and C3. The feedback allows us to take the future into the present to determine 
what to do to achieve a desired future [25]. 
The AHP has a wide range of applications, being a of the most widespread methods and applied in decision 
making involving complexity and subjectivity [26]. It has wide application in planning, best alternative 
selection, resource allocation, conflict resolution, etc. and, especially considering both qualitative and 
quantitative factors [27]. Also, one of the main advantages of AHP / ANP over other methods is the evaluation 
of intangible factors numerically, using the fundamental scale [28]. 
The application of the AHP, like most discrete methods in MCDM, consists of three steps: identify criteria 
and alternatives of decision, assign importance and performance values for the criteria and alternatives 
respectively and, synthesis of results [24]. The three main operations while applying AHP are: the construction 
of the hierarchy, to analyze the priorities (building (s) matrix (s) decision, judgment pairwise and calculation of 
priorities) and checking the consistency of judgments in the comparisons, to finally conclude with the 
definition of the ranking of priorities [29]. 
The priority values of the elements are obtained by calculating the right eigenvector w, according to Aw=λw. 
In this equation, λ is the maximum eigenvalue and A is a positive reciprocal matrix, that is, aij =1/aji e aij > 0,  
i, j = 1, 2... n, being n the order of the matrix A [30]. 
The Consistency, or coherence [24], is verified through the index CR (Consistency Ratio),  
CR = (λ- n)/(n -1)RI, where RI is the (Random Consistency Index). The matrix A is 100% consistent (CR = 0) if 
λ = n, which occurs when the ratio of transitivity aij = aik /ajk, or aji = ajk /aik = aij-1 considering the reciprocal 
matrix, is satisfied [30]. CR ≤ 0.2 is acceptable. If CR is greater, judgments should be reviewed [31]. High 
inconsistency indicates a lack of understanding, which can lead to a wrong decision [32]. 
One of the criticism of the AHP is related to the amount of judgments necessary for its 
application.  However, one can get more coherent arrays with a lower number of comparisons, by choosing to 
compare the relationships more biased (with larger bias) and by applying transitivity relation to complete the 
matrix [33]. Thus, the number of comparisons needed in an array, which is equal to n(n -1)/2, can be reduced, 
existing for example algorithm as the Incomplete Pairwise Comparisons (IPC) which uses n-1 comparisons, or 
the software Expert Choice that uses 2n-3 comparisons [34]. 
For the application of ANP, which makes use of the same procedures of the AHP to generate the priorities to 
be included in a decision supermatrix, the following steps must be followed [35]: 
Step 1 (Problem formulation: 1.a) structuring of the problem (set the goal, identify the elements grouping 
them into clusters); 1.b) construction of the network (dependency relations and feedback between the 
elements, which are best viewed through the global reach matrix for relations between clusters and local 
outreach for relationship between the elements). 
Step 2 (comparisons): 2.a) pairwise comparison (using the fundamental scale) between the elements and 
between clusters and calculating the vectors of decision; 2.b) consistency checking. 
Step 3 (structuring of supermatrix and obtaining of results): 3.a) construction of supermatrix without weight, 
which lists all the elements arranged in their clusters and with proper decision-making vectors, obtaining of 
the weighted supermatrix, which is equal to the supermatrix without weight multiplied by the priorities of 
the clusters and which is a stochastic matrix, and obtaining the supermatrix limit, obtained with the 
application of the power method of the supermatrix weighted; 3.b) final result with the priorities that is 
obtained from the matrix limit. 
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4. Method 
The presentation of the method is divided into two parts, the first concerning the research approach and the 
second related to the assessment model used. 
4.1 Research Approach 
The survey was conducted according to a purely qualitative approach, since it was used the method of case 
study [24]. The qualitative research has the emphasis on the perspective of the individual who is being studied 
as well as seeking to interpret the environment in which it is inserted [36].  
The case study can be used with the aim of deepening the description of the given phenomenon (37-38). In 
this sense the unit, or unities, of study shall be determined intentionally, according to the desired results. 
The case study is a search strategy used when the questions are how? and why? focusing on contemporary 
events [39]. 
The study was conducted in a small industry, belonging to the footwear cluster of the Cariri region in Ceara, 
being the information provided by a representative of the materials management department. The objective of 
this study was the evaluate priorities of indicators of reverse logistics. 
4.2 Evaluation model 
To conduct the evaluation we used the reverse logistics management model [5-6]. The purpose of the model 
is to achieve a sustainable business performance, which involves analyzing economic, social and environmental 
aspects by means of RL practices that can be measured and evaluated. 
Fig. 2 presents the model hierarchy, which includes the cluster of criteria, formed by RL programs, and 
the cluster of alternatives, which groups the indicators of RL. 
 
Fig. 2. Hierarchy with the interactions of the ANP model 
The priorities of the RL programs, as shown in Fig. 2, according to the influence on sustainable business 
performance, already defined previously [6]. Only the internal interaction in the LR indicators cluster is 
presented. However, dependency is considered among indicators and programs (Feedback), as shows Fig. 3. 
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Cluster Indicators of RL Programs of RL 
Indicators of RL 1 1 
Programs of RL 1 0 
Fig. 3. Global reach Matrix 
Table 1 presents the programs of RL, RL performance indicators, as well as related performance measures 
used in structuring the model [5-6]. 
Table 1. Performance Indicators of the RL and measures most used by Brazilian companies. 
Programs of RL Indicators of RL Performance measures 
Economic programs (EP) Recapture value (RV) Amount of recycled material; 
Percentage of returned packages;  
Percentage of recycled packaging and/or retrieved;  
Volume of returned products;  
Reason of returns;  
Value retrieved by reprocessing and resale of products. 
 Operation cost (OC) 
 
Expenses for development of new technologies that allow 
recycling; 
Training expenses of employees to develop new 
technologies and operate the reverse channel; 
Amount paid in fines, for failure to comply with the law; 
Amount invested in social actions (internal and external) in 
relation to the environment and recycling. 
Image programs (IP) Technological innovation (TI) 
 
Number of innovations to protect the environment (projects 
related to RL); 
Number of projects aimed at minimizing the incoming and 
outgoing of materials. 
 Encourage recycling (ER) Number of programs that encourage recycling.Type of 
advertising used. 
Citizenship programs (CP) Social and environmental Acts (SA) 
 
Number of social and educational projects of RL activities 
involving the community; 
Number of complaints related to the company's impact in 
the community. 
 Employment creation (EC) 
 
Number of employees benefited from training programs in 
LR activities; 
Number of people involved in campaigns and social 
projects; 
Numbers of people employed in the reverse channel. 
Customer service programs (SP) Long-term relationship (LR) 
 
Relations with outsourced workers; 
Supporting the development of suppliers concerned with 
the environmental problems; 
Number of complaints resolved through dialogue with 
concerned parties, in the reverse chain. 
 Differentiated service (DS) 
 
Existence of liberal policies for the Exchange (number of 
complaints by unfulfilled policies); 
Legal programs (LP) Compliance of legislation (CL) Number of penalties or fines for violation of legislation. 
 
 
A Fig. 4 presents the matrix of local model range. 
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 SA EC CL OC ER TI LR RV DS CP EP IP LP SP 
SA 1 1 0 1 1 0 0 1 0 1 0 0 0 0 
EC 1 1 0 0 1 0 0 0 0 1 0 0 0 0 
CL 0 0 1 1 0 1 0 0 0 0 0 0 1 0 
OC 0 0 1 1 0 1 0 1 0 0 1 0 0 0 
ER 0 0 0 0 1 0 1 0 0 0 0 1 0 0 
TI 0 0 1 1 0 1 0 0 0 0 0 1 0 0 
LR 1 0 0 0 0 0 1 0 1 0 0 0 0 1 
RV 0 1 0 0 0 1 0 1 0 0 1 0 0 0 
DS 0 0 0 0 0 0 1 0 1 0 0 0 0 1 
CP 1 1 1 1 1 1 1 1 1 0 0 0 0 0 
EP 1 1 1 1 1 1 1 1 1 0 0 0 0 0 
IP 1 1 1 1 1 1 1 1 1 0 0 0 0 0 
LP 1 1 1 1 1 1 1 1 1 0 0 0 0 0 
SP 1 1 1 1 1 1 1 1 1 0 0 0 0 0 
Fig. 4. Matriz de alcance local 
In implementing the model, valuations are necessary only in the internal relationship in the cluster of 
indicators of RL. For the indicators contained in each program is given equal weight (In the RL indicators 
block x Programs for RL, considering them with equal importance), thus not needing to do the comparison 
trials. The values of the weights of the programs presented in Fig. 2 are inserted in the block Programs from RL 
x RL indicators. 
The criterion to represent the dependency relationships between the indicators was to analyze how each 
indicator could exert influence on performance measures that can be used in another indicator [5]. For each 
indicator a decision matrix was assembled and the elements were compared using the fundamental scale shown 
in Table 2 [31]. 
Table 2. The fundamental scale of absolute numbers 
Intensity Definition (Importance of one activity over another) 
1 Equal Importance 
2 Weak or slight 
3 Moderate importance 
4 Moderate plus 
5 Strong importance 
6 Strong plus 
7 Very strong or demonstrated importance 
8 Very, very strong 
9 Extreme importance 
 
During the judgments, some considerations were necessary. First, with respect to the group of programs 
(that, as the respondent pointed out, these, do not exist in the company), considered as a group of drivers of 
RL. Second, in relation to indicators that are difficult to identify, considered the performance measures 
proposed in table 1 for aid to evaluation. 
5. Results and discussion 
For the analysis of all indicators, they were needed 9 matrix and 37 comparisons. The calculations were 
carried out, using the software Super Decisions version 2.0.8. 
146   José Leonardo da Silveira Guimarães and Valério Antonio Pamplona Salomon /  Procedia Computer Science  55 ( 2015 )  139 – 148 
Fig. 5 shows the dependency relationships for the indicator Operation Cost (OC) as well as the resulting 
decision vector, whose CR is 0.1115. 
 
INDICATORS OC TI SA CL Vector 
Operation cost (OC) 1 5 5 2 0,538994 
Technological innovation (TI)  1 1 2 0,173266 
Social / environmental acts (SA)   1 1/2 0,111891 
Compliance to legislation (CL)    1 0,175849 
Fig. 5. RL indicators comparison in relation to the CO indicator  
After the first trial of the comparisons decision vectors and consistency ratios were calculated; the matrices 
in which there was inconsistency (CR > 0.2) were reevaluated, considering the transitivity relationship, since it 
facilitates the understanding of the relationship between the elements of the matrix. After this revaluation, CR 
values ranged between 0 and 0.1115. 
Table 3 presents the final result with the priorities of RL indicators.  
Table 3. Global Priorities for RL Indicators in companies 
RL Indicators  Priorities (%) 
1. Operation cost (OC) 25,80 
2. Recapturing value (RV) 21,43 
3. Technological innovation (TI) 11,38 
4. Encourage recycling (ER) 10,01 
5. Social / environmental acts (SA) 7,14 
6. Differentiated service (DS) 7,07 
7. Compliance to legislation (CL) 6,11 
8. Employment creation (EC) 5,55 
9. Long-term relationship (LR) 5,51 
 
The results (Table 3), presents the first four indicators (OC, RV, TI and ER) in the same order of priority 
found as a sampling for Brazilian companies [5]. Which is justified by the influence of the related priority 
programs (drivers), OC and RP with the Economic driver (55.7%), and IT and ER with Image driver (24.6%), 
beyond the influence of other indicators, which can be seen in Fig. 4. 
Regarding other indicators, it is considered that the priority order is subject to the kind of company under 
study and the types of RL programs adopted [5-6]. 
In fact, the fifth indicator is SA, while the sample mentioned is EC. The SA is related to the impact the 
company has in the community, while EC is related to a certain reverse channel structure. 
The percentage differences between the other items are small. The classification follows with DS, CL, EC 
and LR, while the values of the sample of Brazilian companies is SA, CL, DS and LR. Both DS as LR are 
related to the Customer Service driver, however the influences they receive from other drivers are different, in 
addition to aspects related to performance measures. As for the CL indicator, indicator seventh, it relates to the 
Legal driver (priority 1.7%) and receives influence of OC and IT. 
6. Conclusions 
The objective of this paper is to present an assessment of the priority order of reverse logistics indicators in a 
small company of the footwear cluster in the Cariri region in the state of Ceara, Brazil. To this end, we used the 
reverse logistics management Model, which utilizes the Analytic Network Process (ANP) as an MCDM method 
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suitable for the fact to allow qualitative and quantitative evaluations, as well as to evaluate dependency 
relations in the interactions of elements and/or components of the model. 
The paper presents a literature review regarding the main aspects related to RL and ANP. 
The study was carried out through a qualitative approach with the specific strategy of studying the case, in 
which a member of the company's materials management provided the necessary information. 
Using the Super Decisions software version 2.0.8 all calculations were executed, having as a main result the 
vector with the relative priorities of the indicators proposed in the model used. 
From this, it turns out that there is a similarity in relation to the study in a sample of Brazilian companies for 
the first four indicators, which is mainly explained by the priority level of the Economic drivers (55.7%) and 
Image (24.6 %), and the influences that these indicators receive from other indicators. 
For the other indicators there was changes in priorities in relation to sample research with Brazilian 
companies. One must in this case consider the influence of the type of enterprise included in the survey and the 
programs (drivers) of RL.  
One must consider the limitations found out to carry this study. So far, only two representatives of the 
business management of the footwear cluster in focus could be interviewed, only one responded to issues 
related to the trials and the other assessed the level of priority for drivers, already established in the model, 
whereas realistic to be used. The company whose representative answered the questions, did not identify 
reverse logistics programs, only activities related to materials returns, using hence the term drivers instead of 
RL programs. In addition, the representative added that some metrics / indicators were difficult to identify. 
The continuation of this work, should seek to add more information from other companies in the footwear 
cluster in the Cariri region of the state of Ceara, also including midsize companies, to identify features, as well 
as adequacy of the analysis model used to assist in the evaluation of the RL indicators. 
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